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I ntroduction

Air padlution models have provided the most effedive means to quantify the impad of human adivities
on the @mosphere and to develop kelanced and cost-effedive anisson control strategies for toxic ar
pallutants such as tropospheric O3 during the last severa decales. The dfedivenessof these datement
strategies depends on the reliability of model predictions, which is further built upon the accrrate
understanding and appropriate parameterization d a variety of atmospheric processes in modeling
systems. Sensitivity analysis of these models provides valuable diagnastic tods cgpable of identifying
the most influential parameters and predicting the responses to arbitrary perturbations. Previous gudies
on chemicd medanisms and their sensitivity using 0-3D models have largely focused on either gas-
phase or aqueous-phase themistry only. Heterogeneous atmospheric processes invalving two or more
phases, however, have receitly begun to gain considerable dtention kecause of their importance in
global biogeochemicd cycles. Recet studies $ow that clouds may deaesse the gas-phase
concentrations of NOy, O3z, OH, HO> and HCHO by 1085 % [1]. Aerosols may ad as an effedive
scavenger for tracegas gedes and radicds under a variety of amospheric environments [2, 3. There
are few models cgpable of redisticdly smulating these processes because of the nebulous medanisms
and many urcertain parameters and pathways asociated with these processes. For the same reasons, the
rigorous nsitivity analysis for mixed-phase dhemicd medianisms has been seldom quantified.

We have performed a comprehensive sensitivity analysis of overall model predictions for a mixed-phase
chemicad medianism [4]. The sensitivities of individual spedes and phdochemicd indicaors with
resped to (w.r.t.) avariety of model parameters are cdculated using the novel Automatic Differentiation
(AD) techndogy implemented as Automatic Differentiation d FORtran (ADIFOR) [5]. In this paper,
the sensitivity of O3 and indicaors is presented and analyzed, with a particular focus on the evaluation
of clea air chemistry and agosol surfaceuptake that affed tropaspheric O3 formation and Oz-preaursor
relations. The sensitivity analysis of the muded gas and cloud chemistry is presented elsewhere [6].

Methodology of Sensitivity Analysis

Multi-phase Chemistry Box Model

A time-dependent Mass Transfer with Chemicd Readions Box Model (MaTChM) has been developed
to explore the dfeds of heterogeneous processes on tropaospheric chemistry [4]. In MaTChM, emisson,
dilution, transport and depaosition processes are negleded. The mode treds gas and agueous phase
chemistry, as well as the interphase mass transfer, in a homogeneous parcd of air in an atmosphere
where it may encounter various surfaces such as clouds and agosols. It smulates 57, 58,and 29spedes
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in the gas, agueous and agosol phases, respedively. 125 @gs-phase readions, 160 aqueous-phase
reagions, and 29aaosol surfacereadions are included. This mechanism is designed to be gplicable to
various atmospheric condtions. The mixed-phase demistry is based on the modified Carbon Bond
Medanism IV [7], the dimethyl sulfide cdhemistry of Yin et al. [8] and the full aqueous-phase hemistry
of Pandis and Seinfeld [9]. The masstransfer between gases and clouds is sSmulated based onthe two-
resistance theory [10]. Lognamal size distributions are used to charaderize multi-mode ae€osols with
diameter ranging from 0.001to 100um. The rate of heterogeneous uptake of gases on agosol surfaceis
cdculated as a pseudo first-order rate [11]. Table 1, 2 and 3list the smulated gas-phase spedes,
agosol-phase spedes and gas-phase readions that are related to this paper. The uptake wefficients of
individual spedes onaaosols are dso gvenin Table 2. Detail ed description d the model can be found
elsewhere [4, §. Five typicd atmospheric condtions were simulated: heavily-pdluted (Heavpall),
polluted (Urban), moderately-pall uted (Rural), marine (Marine) and remote marine (Remote) condtions,
as fiown in Table4. Two scenarios: clea air condtions (Gas) and condtions with pre-existing agosols
(Aerosol) were further studied for ead condtions. All simulations began at locd hoonand were run for
2 hous. A constant temperature of 280K and a relative humidity of 80% were used.

Sensitivity Calculations

AD is a new promising technique for computation d derivatives. The ADIFOR co-developed by
Argonre National Laboratory uses the forward mode to cdculate the derivatives of intermediate
variables w.r.t. the independent variables, and the reverse mode to propagate derivatives of the
dependent variable w.r.t. the intermediate variables. Combining merits of both forward and reverse
modes of AD, this approadc is superior to finite difference gproximation d the derivatives becaise of
the guaranteed acarracy and the computational efficiency [12]. Using ADIFOR, the dimensionless
sengitivities (i.e.,, namalized locd senstivities) of spedes concentrations C; w.r.t parameter g are
cdculated as §j =(q;j /Cj) (*Ci/qj )==InCi/*Ing;. Thesign d the sensitiviti es refleds resporses of Cj upon
the relative variation d ¢ . The paositive vaues indicae that Cj increases with an increasing g , and the
negative values mean areversed change in C; when g increases.

Given the sensitivities of individual spedes, the sensitivity of the ratio of the concentrations of two
spedes w.r.t. an arbitrary parameter can be eaily derived as the difference of the two individual
sengitivities. The sensitivity of lumped concentrations of the two (or more) spedes can aso be
cdculated as the sum of products of the concentration fradion and the sensitivity of ead spedes. We
have cdculated the sensitivities of several lumped spedes (defined in Table 1) and phdochemicd
indicators such as odd hydogen (RxOy), nitrogen oxides (NOy), readive nitrogen (NOy and NO), and
O3/NO; w.r.t. dl model parameters. Sengitivities during the last hou simulation are averaged and
analyzed. Theresults are given and dscussed below.

Results and Discussions
Clear Air Conditions

Effed of Gas-Phase Reaction Rate Constants

The 25 most influential readions for O3 concentrations under the five wndtions are ranked along with
the sengitivities of O3 to these readions in Table 5. These readions could have ather paositive or
negative influence depending onthe signs of their sensitivities. Oz predictions are more sensitive (by a
fador of afew to several hundeds) to readion rate cnstants under various polluted condtions (i.e.,
Rural, Urban and Hearpadll) than relatively clean condtions (Marine and Remote) for one unit changein
rate constants. For example, when the rate @mnstant of R1 doules, the predicted O3 concentration will
increase by 1.86%, 4.13%6 and 27.7% under Remote, Rural and Heavpadl condtions, respedively. This
is because O3 formationrate is propartional to the total oxidizing cgpadty (TOC), which is much higher
under polluted condtions. Correspondngly, sensitivities are higher, refleding larger responses on
uncertainties in rate @nstants.



Under the Remote and Marine @ndtions, the most important reacions contributing to Oz production
are NO+HO2 (R28), NO2+hv (R1), CH4+OH (R116), NO+CH30, (R117), HoO2+hv (R34), CO+OH
(R36), HCHO+hv (R38), C203 + NO (R46), Oz+hv (R9) and the subsequent read¢ion d O(1D)+H>0
(R11). R28andR117are mgor pathwaysfor conversion d NO to NO». Followed by R1, they generate
O(3p), which dredly produces O3. The phaolysis of HoO» (R34), HCHO (R38) and O3 (R9) are the
major sources of OH and HO» radicds. An increase in the rate constant of R9 deaeases O3 bu
increases O(1D), which contributes to O3 production through generation o OH radicds (R11). The
increase in O3 via R11 compensates the deaease in O3 viaR9. Thus, R9 has a net pasitive impad on
O3 formation. OH radicds can be onwverted to HO, and CH30> radicds through readions with CO
(R36) and CH4 (R116), respedively. These radicds then convert NO to NO» followed by R28, R117
and R46. The generation and inter-conversion d these radicas thus help increase Oz production by
increasing the TOC. Compared to the Remote condtions, the O3 phaochemistry nea the wast is more
affeded by R38 by ore order of magnitude, due to a much higher concentrations of HCHO initialy
present under the Marine condtions. The readions contributing to the destruction d Oz include NO+O3
(R3), HO2+CH302 (R118), NOx+OH (R26), 2HO>+H>0 (R33), HO>+HO, (R32), O(1D)->0(3p) (R10),
O3+tHO2 (R13), O3+OH (R12), ALD> +OH (R43), and C203 + NO2 (R47). R3 is the predominant
destruction pathway for O3. R10 reduces O3 throughreducing concentrations of O(1D), a major source
of OH radicds. Representing the magjor sink for OH, HO,, and CH30O; radicds, the formation o

peroxides (R118,R33 and R32), nitric add (R26) and PAN (R47 foll owing R43) reduces the TOC thus
deaeases O3 formation. O3 can adso be diredly destroyed by OH (R12) and HO, (R13) radicdls.

Under various padluted condtions, R28, R32, R33, R116118 kemme less important or unimportant
becaise of the relatively lower levels of HO, and CH30,. Og predictions are highly sensitive to

chemistry of various readive organic gases (ROG). R38 keaomes the first and the seaond positively-
influential read¢ion under both condtions, respedively. The ranks of ALD>+OH (R43), NO+Co03

(R46), NO»+Co03 (R47) and OLE+OH (R57) are dso higher. Other positively-influential ROG
readions include phaolysis of ALD2 and MGLY (R45 and R74), OLE+O3 (R58), NO+TO» (R64) and
readions of HCHO, PAR, ETH, TOL, and XYL with OH (R37, R52, R61, R63, and R69). A higher
rate oonstant of R58 dredly deaeases O3 but simultaneously increases concentrations of odd hydogen

RxOy and O3 preaursors HCHO and ALD>, which eventualy give rise to O3 throughR1 and R2. The
increase in O3 due to these pathways suppresses the dired deaease, thus R58 shows a net positive
impad. Other ROGreadions (i.e.,, R37,R45-R47,R57,R61,R63,R64, R69,and R74) contribute to O3
formation by producing HCHO, ALD»2, HO2 and RO radicds. R43 and R47 are dominant negatively-
influential ROG readions. R39 also contributes to O3 destruction by competing with the positively-

influential readion R38 and consuming HCHO. These results are in good agreement with ather
sensitivity analyses of various gas-phase dhemicd medanisms sich as RADM2 and STEM-II [ 15, 14.

Various phaochemicd indicaors sich as NOy, O3/NO; and H2O2/HNOg3, have recently been used to
determine the O3-NOx-ROG sensitivity in order to effedively control O3 at O3 nonattainment regions
[13, 14. For example, ROG-sensitivity chemistry has been linked to afternooncondtions with 10 ppb
<NOy<25 ppb,03/NO; < 7, HCHO/NOy < 0.28,and H2O2/HNO3 < 0.4, lower NOy and higher ratios
correspondto NOy-sensitive chemistry [13, 14. Theindicaors cdculated from MaTChM show that O3
Is ROG-sensitive under the Heavpdl condtions and NOy-sensitive under the moderately pdluted
condtions. O3z chemistry exhibits a transition ketween the two regimes under the Urban condtions,



with NOy>10 ppb btivalues of other indicaors higher than threshold values. These ae wnsistent with
the cdculated O3 sensitivity shown in Table 5 (and Figure 2 (a), seebelow).

Since indicaors are mainly discovered based on theoreticd rational and 3D phaochemistry models,
their applicaion invaves large uncertainties based onmode assumptions or omisgons. Our sensitivity
analysis shows that the indicator NOy is relatively insensitive (S j < 0.01) or less ®nsitive to changesin
many model parameters, whereas other indicaors involving either HoO2 or HNO3 or HCHO or NO,
exhibit higher sensitivities. Figure 1 show the sensitivities of O3/NO; and HoO2/HNO3 w.r.t. readion
rate cnstants under various paluted condtions. While the most influential readions for the indicaors
are the same @ thaose for O3, their relative impads are different both in signs and amplitudes. For
example, R38 has a positive influence on O3 formation, bu a negative impad on O3/NO, and
H2Oo/HNO3. While ahigher rate constant of R38 increases O3 and H2O» formation via generation d
HOy, it also increases the denominator NO, and HNO3. The net effed is a deaesse in bah indicators.
Similar to sensitivity of Oz, the indicaors generaly exhibit higher sensitivities on basic O3-NOy-CO
readions (R9-R11, R26, R28, R29, R32-34, and R36) under the Rural condtions, and relatively higher
sengitivities on ROG readions (R38, R39, R43, R45-R47, R52, R57, R58, R61, R69, and R74) under
more polluted condtions. Sensitivities of indicators to ROG readions under the Urban and Heavpall
condtions are afador of afew to several tenths bigger than thase under the Rural condtions, coinciding
with their nature & a good marker for the O3-NOx-ROG sensitivity. For instance the sensitivities of
O3/NO; and O3 to R38, R45 and R58 uncr the Heavpall condtions are higher than those under the

Rural condtions by afador of 4.0, 16,and 29,and a fador of 18, 68,and 168,respedively, indicaing
that ROG chemistry is dominant under the Hearpdl condtions. Lower sensitivities to ROG readions
and hgher sensitivities to O3-NOy-CO readionsindicae aNOy-dominant chemistry.

Effed of Spedes Initial Concentrations
Figure 2 (a) shows the sengitivity of Oz w.r.t initia concentrations of various gedes under the five

condtions. Theinitia concentration d O3 always has the predominant pasitive impad on the predicted
O3z unckr al condtions. The Os-preaursor relations are different at various condtions. Under relatively
clean condtions (Remote and Marine), O3 production increases with increasing NOy but is insensitive to
ROG (except for HCHO and ALD> uncer the Marine @ndtions, see below). At various polluted
condtions (Rural, Urban and Hearpadll), O3 formation increases rapidly with increassing ROG (except
for ALD», see below), and deaeases with increasing NOy. The sensitivities of Oz w.r.t. positively-
influential ROG spedes increase & the ar beaomes increasingly pdluted. Other O3 preaursors siuch as
H20,, CO, and CH4 have relatively large impad on Oz production undr the Remote, Marine and Rural
condtions. Being a mgor source of OH radicds, H>O2 helps produce O3 under these wndtions. CO
and CH4 always tend to increase O3 production throughR36 and R116foll owed by R28, R1 and R2.

Since the rate of Oz production is propationa to readions of ROG with OH radicds under most
atmospheric condtions [14], the diff erent Oz-preaursor relations at various condtions can be interpreted
by relative importance of odd hydogen readions, as s1own in Table 6. The important sink and inter-
conversion readions for OH and HO> radicds are NO>+OH (R26), NO+HO» (R28), HO>+HO> (R32),
2HO>+H>0 (R33), CO+OH (R36) and HCHO+OH (R37). The analogous readions for RO2 radicdsin
the presence of CH4 and aher NMHCs are CH4+OH (R117) and HO>+CH302 (R118). Under the
Remote and Marine @ndtions, formation d peroxides via R32, 33and R118 are the maor sinks for
RxOy. Thefate of OHismainly governed by the inter-conversion d OH, HO2, and CH302 (R28,R117,

R36,and R37). OH deaeases with ahigher HCHO (due to R37) under the Remote cndtions and aher
ROG spedes (due to R37,R43,R47,R51, R52, R57 and R61) under the Marine andtions. Thus, O3
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production is insensitive to most ROG (HCHO only under the Remote @nditions), becaise increasesin
ROG coincide with deaeasesin OH. Under the Marine condtions, generation d OH radicds increases
with an increassing HCHO and a deaeasing ALD». Os3 production to initia concentrations of HCHO

and ALD» shows larger sensitivities than ather ROG spedes due to its higher sensitivities to R38 and
R43. As a predominant pathway for O3 productions under the Remote and Marine cndtions, the
conversion d@ NO by HO, (R28) results in a higher O3 followed by R1 and R2, as siown in Table 5.
NO+HO> (R28) and NO»>+hv (R1) compete with NO+O3 (R3) and NO>+OH (R26), with lessNO and
NO> avail able for the latter readions. In addition, the OH increases with increasing NOy (due to R28).
Thus ahigher NOy will aways causes ahigher O3 under both condtions.

Under various pdluted condtions, readions of NO>+hv (R1), NO+O3 (R3), NO>+OH (R26),
HCHO+hv (R38), ALD2+OH (R43), and NO,+C,03 (R47) are the overwhelming pathways affeding
O3 produwction. An incresse in NO consumes more O3 (R3), and a higher NO, increases its
denitrification iaR26 and R47. In addition, R28 and R26 are the predominant pathways for RyOy. OH
concentrations always deaease with increasing NOy (due to R26). Thus, an increassing NOy leals to a
lower O3. Increases in individual ROG spedes ether increase or deaease OH, bu the net effed of a
higher ROG is aslight increase in OH, refleding ROG readions could be asource of RyOy. Thus, O3
increases with increases in most ROG. When presence, ALD» always has a negative influence on O3
formation because it ads as asink for NOy via R43 and R47. While R43 consumes OH and lowers the
TOC, R47 depletes NO2 uncer various poll uted atmospheres, as siown in Table 5.

Figure 2 (b) and (c) show the sensitivities of O3/NO, and H>O2/HNO3 to spedes initial concentrations
under various padluted condtions. Both indicaors are dfeded in a variety of ways. O3/NO; is anti-
correlated to initial HoO2, NO, HCHO, ALD», TOL, XYL and ISOP , and pasitively-correlated with
initial O3, PAR, CO and CH4. The impads of NO», OLE, and ETH are complicaed and can be ather
way. For HoO2/HNO3, the positively-influential spedes include HoO», ALD», PAR, CO and CHg4, and
the negatively-influential spedes are O3, NOy, HCHO, and XY L. The impads of OLE, ETH and TOL
can be ather negative or positive. These relations are much more complicaed relative to Oz-preaursor
relations. The interpretation requires an understanding d the diemicd behaviors of the both individual
indicaor spedes. For example, athoughan increase in various ROG spedes (other than ALD») can
always increase O3 production, oy afew of them (e.g., PAR under pall uted condtions) can sometimes
incresse O3/NO,;. Most ROG spedes negatively affed the indicaor becaise they simultaneously
increase the denominator NO,. Whether the spedes have positive or negative impads depends on the
relative importance of their readions and the signs of the predominant readions. For instance R1, R26
and R28 are important readions for NO,. Under the Rural and Urban condtions R26 and R28 the
predominant readion and have a negative sign. Under the heavily-pdluted condtions, R1 is
predominant and hes a positive sign. Correspondngly, O3z/NO, and NO» are positi vely-correlated uncer

the heavil y-pall uted condtions but anti-correlated under the Rural and Urban condtions.
Conditionswith Pre-existing Aerosols

I mportant Surface Uptake Processes

The predicted spedes concentrations are sensitive to upake wefficients of individua spedes in the
presence of agosols. For those spedes that are assumed to be diredly scavenged to agosol surface
their predicted concentrations are dways anti-correlated with their own upgake wefficients becaise
higher uptake efficients deplete more gas moleaules onto agosol surface For instance, a higher
uptake mefficient of O3 always deaeases gas-phase wncentrations of O3. Readive spedes are dso
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foundto be dfeded by surfaceuptake of other spedes. The most influential agosol surfacereadions to
overal model predictions include uptake of HCHO, O3, HO2, HNO2, HNO3, NO, NOy, N2Os, PAN,

H20,, and SO,. Table 7 shows the sensitivity of O3 to uptake cefficients of the most influential
spedes under various condtions. The predicted O3 becomes more sensitive to changes in upake

coefficients when the pre-existing atmospheric condtions becme more padluted (i.e., more aeosol
surface aailable). For example, doubing upgake wefficient of HCHO has no effed on predicted O3

under the Remote @ndtions, bu it deaeases the predicted O3 by 6.3%6 under the Hearpadl conditions.
An increase in upake efficients of other spedes sich as HCHO, NO,, and HO» aso deaeases O3
because these surfaceuptake processes reduce rate of Oz-producing readions (e.g., R1, R28, R38, R57,
R61,and R69). On the contrary, higher uptake cefficients of NO and SO» tend to increase O3 because

their surfacereadions compete with their correspondng gas-phase readions, and ceaease the rates of
the gaseous readions that contribute to O3 destruction (e.g.,R3, R22,and R115).

Since some NOy spedes such as N2Os and HNO3 and ROy spedes sich as H202 and CH300H are
highly sensitive to changes in upake efficients, the indicaors invaving these speaes are expeded to
respond to these dhanges. Table 8 shows the sensitivities of O3/NO,; and H>Oo/HNO3 to upake

coefficients of the most influential spedes under the Urban and Heavpall condtions. The sensiti viti es of
the indicators are much higher, as compared to that of individual spedes. O3/NO; is $nsitive to upake

of HNO3, HCHO, HNOy, HO2, HoO9, CH30,, NOy, PAN and O3. Similar to the dfed on Oz, an
increase in upake wefficients of O3 aways causes a deaease in O3/NO,. The impads of HCHO,
HNO», HO2, H202, CH30,, NO, and SO2 on O3/NO, howvever, are just the oppasite @& compared to
those on Oz. In addition, O3/NO, becomes snsitive to changes in upake wefficients of HNO3 and
PAN, which have little dfed on O3 formation. An increase in ugake efficients of NO2 and N,Osg
(uncer the Heavpadll conditions), and SO, deaeases O3/NO, throughreducing gaseous concentrations of
Os-preaursors and thus O3. Higher uptake rates of other spedes increase O3/NO,, via ather diredly
reducing gaseous NO; (e.g., HNO3 and PAN) or deaeasing the @mncentrations of HCHO, HO, and
H205. Since R38 is the dominant pasitively-influential readion for both NO, and O3, a deaease in
gaseous HCHO concentration reduces the phaolytic rate of HCHO, thus deaeasing NO, and Oas.
Similarly, deaeases in HoO» and HO» tend to deaease OH and O3 concentrations. But they aso
deaease NO, concentrations by reducing the formation rates of NO3z, N2Os, HNO3 and PAN through
readions with OH. Therefore, the net effed of deaeases in HCHO, HO», and H2O» is an increase in
O3/NO;. The resporses of HoOo/HNO3 are even more significant because bath H>O2 and HNO3 are
highly sensitive to changes in their own uptake wefficients. While an increase in the uptake efficient
of HoO» gredly deaeases gaseous H>O» thus reduces the indicaor, an incresse in HNO3 uptake

coefficients deaeases gaseous HNO3 thus causes an increase in the indicaor. In addition, this indicaor
Is also sensitive to uptake of HCHO, HO», O3, NOy, N2Os, and HNO».

Effed of Aerosols on Os-Preaursor Relations

The presence of agosols nat only changes concentrations of O3 and its preaursors, but aso their
relations provided that the avail able aeosol surface aeas are sufficiently large (i.e., > 1000 um2 cm-3,
under the Urban and Heavpdl condtions). Figure 3 (a) shows the comparison d the sensitivities of O3

concentrations to spedes initia concentrations after 2-hr simulation in the dsence and presence of
agosols under the Heavpall condtions. Os increases with an increase in NO> in the presence of

agosols, which isjust the oppdasite to that in clea air.  Under both clea air and agosol condtions, the
phaolysis of NO2 (R1), the formation & HNO3 (R26) and PAN (R47) through oxdation d NO> by OH

and CyO3 radicds are magjor sinks for NO,. The dfed of NO2 on O3 production is determined by

6



relative importance of these sinks. Under clea air condtions, R26 and R47 are predominant readions.
An increase in NOo> results in a lower OH concentration, thus a lower O3. When there ae sufficient

agosol surface aeas, concentrations of OH and C03 radicds are significantly reduced (~20-48%) due
to much lower concentrations of their preaursors such as HoO», HCHO and ALD> and the dired surface
uptake of OH. As aresult, R1 beames the overwhelming sink for NO2 and leals to O3 formation
followed R2, while OH radicds gill deaease with increasing NO2 dueto R26. In addition to the dange
in O3-NO> relations, O3 becomes more sensitive to NO and less nsitive to initial O3 and various
hydrocarbon spedes sich HCHO and ALD»,. For example, for doulded concentrations of HCHO, the
predicted O3 concentrations only increase by 1.8% in air with agosols, as compared to 21.26 in clea
air. Higher sensitivity of Oz to initial NO is due to a higher sensitivity to the rate @nstant of the
readion NO+O3 (R3), and O3 sensitivities to various ROG are lower because the TOC is reduced and
O3 senditivities to most ROG readions sich asR38 and R43 are ppredably lower.

Effed of Aerosolson Sensitivity of I ndicators
Significant changes are found in sensitivities of indicaors to bah readion rate @nstants and initial
concentrations due to the surfaceuptake processes. Figure 4 compares the sensitivities of O3/NO; and

H20,/HNOg3 to readion rate constants with and withou aeosol uptake under the Heavpall condtions.
O3/NO, beaomes more sensitive to R9-R11, R43-47,R58, R69, R74, and R76, and less ensitive to R1,
R3, R38,R39, R52,and R57. The most significant change is that the sign d the sensitivity of O3/NO,
to the readion rate cnstant of NO>+OH (R26) changes from negative to pasitive. Under clea air
condtions, HNO3 produced via R26 remains in the gas-phase and largely increases the denominator,
NO,, thus an increase in the rate @nstant of R26 adually deaeases the indicaor. When there ae
sufficient agosol surface @aeas, HNO3 can be quickly taken orto agrosol surfaceonce produced in the
gas-phase. In the meanwhile, ather NO, spedes such as NO3, N2Os and PAN can undergo similar
surface uptake, therefore deaease NO; in the gas-phase. This deaease is larger than simultaneous
deaease in O3 due to the surfaceuptake. As aresult, the indicaor increases with an increasing rate
constant of R26. The sensiti vities of HoO2/HNO3 to amost all readion rate constants in the presence of
agosols sgnificantly enhance because bath HoO2 and HNO3 can be dfedively scavenged orto agrosol
surface and these surfaceuptake beame the predominant pathways for HoO> and HNOs.

The dhanges in these sensiti viti es cause substantial changes in the sensitiviti es of the indicaors to initial
spedes concentrations, as siown in Figure 3 (b) and (¢). O3/NO; bemmes more sensitive to initial NO»,

ALDy, OLE, TOL, XYL and ISOP and less &nsitive to initial O3, NO, HCHO, PAR, and ETH. The
changes in sensitivities of HoO2/HNO3 are eren larger. HoO2/HNO3 bemmes extremely sensitive to
initiadl NO, NOo, O3, and OLE and amost insensitive to H2O,. In addition, the impad of initial
concentrations of O3, HCHO, OLE, ETH, TOL, XY L and ISOP on HoO2/HNO3 changes from negative
under clea air condtions to pasitive under agosol condtions. Aerosol surfaceuptake processes cause
significant changes in daminant readions of HoO5. H2O» isnolonger areservoir for OH and HO» (due
to R34 and R35). Once produced, HoO, can be rapidly scavenged onto agosol surface The gaseous
H-0» and OH and HO» radicds are substantialy lower. While higher NO» increases the mwncentration
of HNO3 via R26, it also causes further deaeases in concentrations of OH radicds (due to R26), thus a
lower H>O2 and a subsequent significant deaease in the indicator. The extremely high sensitivity to
initial NO, NO», and OLE is caused by the much higher sensitivities to their correspondng readions
(i.e,, R26,R28 and R57), as shown in Figure 4 (b). Similarly, the oppasite dfed of initial O3, HCHO,
OLE, ETH, TOL, XYL and ISOP is due to the correspondng changes in sensitiviti es to their dominant
readions (i.e.,, R9-11,R38,R57,R58,R61,R63,R69 and R76), as hown in Figure 4(b).



Summary

O3-preaursor relations and their interadions with heterogeneous surfaceuptake ae anayzed througha
sensitivity study wising AD techndogy. The most influential gas-phase readions and agosol surface
uptake processes under a variety of atmospheric condtions have been identified. The most influential
gas-phase readions can be grouped into four categories: (1) the phaolytic readions of NO», O3z, H2Oo,
HCHO, ALD2 and MGLY, i.e, R1, R9, R34, R38, R39 (under all condtions), R45 and R74 (under
polluted condtions); (2) the mnversion d NO to NOy, i.e., R3, R28 (under al condtions), R117 (under
relatively clean condtions), R46 and R15 (under pdluted condtions); (3) generation and inter-
conversion d radicds such as R10-R11, R36, R37 (under al condtions), R12, R13, R116 (under
relatively clean condtions), R43, R52, R54, R57, R58, R61, R63, R69 and R76 (under polluted
conditions); (4) the formation and dssciation d oxidant and aad, such as HNO3, HNOg4, PAN, H205,
and CH30O0H, i.e, R26, R29, R30 (under al condtions), R32, R33, R118 (under relatively clean
condtions), and R47 (under polluted condtions). Photochemicd indicaors sich as O3z/NO, and
H20O2/HNO3 are sensitive to changes in readion rate constants, initial spedes concentrations, and ugake
coefficients. These indicaors are found to have higher sensitivities for ROG readions and lower
sengitivities for NOy readions under poaluted condtions as compared to less palluted condtions.
Aerosol surfaceuptake is important when the total surface aeais larger than 1000pum?2 cm3, i.e., uncer
the Urban and Hearpadl condtions. The identified important heterogeneous processs include a&osol
surface uptake of HCHO, O3, HO2, HNO>, HNO3, NO, NO>, N2Os, PAN, H20O,, CH302 and SO».
These uptake processes can affed not only Oz formation and its snsitivity, bu aso Os-preaursor
relations and sensiti viti es of indicators.
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Table 1. Gas-phase spedesin MalChM and lumped spedes used in sensiti vity analysis.

No. Spedes Name Representation No. Spedes Name Representation
1 Nitric oxide NO 32  Isoprene 1SOP

2 Nitrogen doxide NO2 33  unknaevn organic oxidation product of nitrogen spedes NTR

3 Nitrogen trioxide (nitrate radicd) NO3 34  Dimethyl sulfide, (CH3)2S DMS

4 Dinitrogen pentoxide N205 35  Methyl sulfonyl radicd CH3s02

5 Nitrous add HONO 36  Methyl sulfonic radicd CH3S03

6 Nitric add HNO3 37  Methane sulfonic add (CH3SO3H) MSA

7 Peroxynitric add (HO2NO2) PNA 38  Dimethyl sulfoxide (CH3)2SO DMSO

8 Oxygen atom (singlet) 0O(1D) 39 Dimethyl sulfone (CH3)2S02 DMS0O2

9 Oxygen atom (triplet) O(3P) 40 Methyl sulfonyl add CH3SO2H
10  Hydroxyl radicd OH 41 Methyl sulfonyl peroxyl radica CH35(0)200
11 Ozone 03 42 Dimethyl sulfide peroxyl radicd CH3SCH200
12 Hydroperoxy radicd HO2 43  Dimethyl sulfonyl peroxyl radica CH3S(0)2CH200
13 Hydrogen peroxide H202 44 Sulfur dioxide SO2

14  Formaldehyde (CH2=0) HCHO 45  Sulfuric add H2S04

15 Carbonmonoxde CO 46  Unkown oxidation product of sulfur spedes SULF

16  Highmoleaular weight aldehydes (RCHO, R>H) ALD2 47  Methane CH4

17 peroxyaoyl radicd (CH3C(0)0OO) €203 48 Ethane C2H6

18  Peroxyagyl nitrate(CH3C(O)OONCR) PAN 49  Methyl peroxyl radicd CH302

19  NO-toNO2 operation X02 50 Ethyl peroxy radicd ETHP

20  Paraffin carbon bond(C-C) PAR 51  Methyl peroxide CH300H
21  Seoondary organic oxy radica ROR 52  Acdic add CH3COOH
22 NO-to-nitrate operation XO2N 53  Formic add HCOOH
23  Olefinic cabon bondC=C) OLE 54  Methane dcohd CH30H

24 Ethene(CH2=CH2) ETH 55  Carbon doxide CO2

25  Toluene(C6H5-CH3) TOL 56  Ammonium NH3

26  Cresol and Hgher moleaular weight phenadls CRES 57  Hydrogen chlorine HCI

27  Toluene-hydroxyl radicd adduct TO2 Lumped spedes

28  Methylphenoxy radicd CRO 58  Nitrogen oxides=NO+NO2 NOx

29  Highmolealar weight aromatic oxidation ring fragment OPEN 59  Total readive nitrogen =NO+NO2+NO3+N205+HNO3+PAN+NTR NOy

30 Xylene(C6H4-(CH3)2) XYL 60  Total nonNOx readive nitrogen =NOy-NOx NOz

31 Methylglyoxal (CH3C(O)C(O)H) MGLY 61  Odd hydogen =OH + HO2 +CH302+ETHP+C203+ROR+TO2+CRO RxOy
Table 2. Aerosol-phase spedes and their uptake efficients on agosol surfaces.

No. Spedes y No. Spedes y No. Spedes y

1 HNO3 1.0E-2 11 NH3 9.7E-3 21 CH302 5.0E-3

2 HNO2 5.0E-3 12 HO2 10E-2 22 CH30H 3.4E-3

3 SO2 24E-3 13 H202 4.5E-2 23 DMS 7.4E-3

4 H2S04 2.0E-3 14 HCHO 1.0E-3 24 DMSO 7.4E-3

5 HCI 1.0E-2 15 NO2 6.3E-5 25 DMS02 7.9E-3

6 cl 3.0E-5 16 NO 1.0E-6 26 CH300H 2.9E-3

7 HCOOH 4.7E-3 17 NO3 10E-3 27 CH3COOOH 2.9E-3

8 CH3COOH 4.7E-3 18 PAN 1.0E-4 28 N205 5.0E-3

9 COo2 10E-5 19 03 53E-5 29 NTR 1.0E-7

10 MSA 9.0E-3 20 OH 3.5E-3
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Table 3. Gas-phase phaooxidation medcanism in MaT ChM.

No. Readion Rate mnstant, cm3 moleale’! 1 No. Readion Rate mnstant, em3 moleasle’! 1
Inorganic Readions 34. H202 + hv O 20H Radiation Dependent
1 NOo +hv O NO + O(3P) Radiation Dependent 35. OH + Ho0p OHO- 3.1E-12 exp(-187T)
2 o@p) Ot - 03 1.4E+03 exp(11757T) 36. CO+OH Of~ HOp 2.2E-13
3. O3+NO O NOy 1.8E-12exp(-1370T) Formaldehyde Readions
4 O@P) + NOy [ NO 9.3E-12 37. FORM +OH [O(1 - HOp+CO 1.0|.£-1.1
3 38. FORM + hv Off - 2HO, + CO Radiation Dependent
5 O(°P) +NO [0J -~ NO3 1.6E-13 exp(687T) 30, FORM + hv 1CO Radiation Dependent
6. 0(P)+ NO 01— NO2 2.2E-13exp(602T) 40, FORM + O(3P) IOH + HOp + CO 3.0E-11 exp(-1550T)
£ O3 +NOz L NOg 1.2E-13exp(-2450T) 41 FORM +NOg [JFf . HNOg + HOp + CO 6.3E-16
8. 03+hv0O(P) Radiation Dependent Higher Moleaular Weight Aldehyde Readions
0 03 +hv 0 o(lD) Radiation Dependent 42 ALD2 +0(3P) 01— €203+ OH 1.2E-11 exp(-986/T)
3 43, ALD2 + OH C203 7.0E-12 exp(250T)
10 ob) O - O(°P) 1.198+08 exp(390T) 44 ALD2+NOg Off . C203 +HNO3 25E-15
1 ) - .
11 O("D) + H20 0 20H 2.2E-10 45, ALD2+hv [JfF . CHgOg + HOp + CO Radiation dependent
iz 83 * Sg DDHgﬁ 1'25’12 eXp('zggP 46. C203 +NO [Jff_, CH30, +NOy 5.4E-12 exp(2507T)
N ) .
» N30 N 2 eoNOn - 8905 11NO e e"g( dez 47, €203+ NOy [ PAN 8.0E-20 exp(5500T)
+ + +
e NO3 i NVO D 2% : ) SE'j'fZX ?SETYT) t 48, PAN O C203+NOp 9.4E+16exp(-14000T)
' 3 2 ' P 49, C203+C2030 2CH30, + Op 2.0E-12
16. NOg + NO2 INO +NOp 2.58-14exp(-1230 50. C203 + HOp 0 .79CH305 + .790H 6.5E-12
17. NO3 + NOy [ - N2Os 5.3E-13 exp(256T) Alkane Readions
18 N20s5 +H20 [ 2HNO3 1.38-21 51 C2H6+ OHO ETHP T21.37E-17exp(-444T)
19. N20s5 [0 - NO3 + NOp 3.5E+14exp(-10897T) 52. PAR+OHO .87X02 + .13XO2N +.11HO, 8.1E-13
20, NO +NO Off - 2NO 1.8E-20 exp(5307T) +11ALD2 +.76ROR - .11PAR
21 NO +NO3 + HoO O 2HONO 4.4E-40 53. ROR O 1.1ALD2 +.96X02 + .94HO- 1.0E+15 exp(-8000T)
22 OH +NO [0 - HONO 4.5E-13 exp(806/T) + .04XO2N +.02ROR - 2.1PAR
23, HONO+ hv D OH +NO Radiation Dependent 54 RORU HO2 1.6E+3
24, OH + HONO T NO; 6.6E-12 55, ROR +NO, O NITRATES 1.5E-11
25. HONO + HONO O NO +NO> 1.0E-20 A”“L%amo“s
26. OH+NO O - HNO3 1.0E-12 exp(713T) 56. OLE + O(3P) 0 .63ALD2 + .38HOy + .28X02 + .3CO 1.2E-11 exp(-3247T)
+2HCHO + 02XO2N + .22PAR + 20H
27. H+ HN N 1E-15exp(1000T
28 So . NOO% DomH ! N%3 2 - 12 :XXDEZZS:)) 57. OLE + OHO CH30y +ALD2- PAR 5.2E-12 exp(504/T)
' 2 2 ' P 58, OLE +Og 0] 5ALD2 + .524HCHO + .33C0 + 22810, 1.4E-14 exp(-2105T)
29, HOp + NOy (I - PNA 1.2E-13 exp(749T) +10H+ 216CHz0p - PAR
30. PNA L0 - HOp +NO 4.8E+13exp(-10121T) 50. OLE + NOg 0 91X02+ HCHO+ ALD2 + .09XO2N+NO-PAR 7.7E-15
3L OH+PNA O NOy 1.3E-12 exp(380'T) 3
60. ETH + O(3P) 0 .3HCHO + .7CH305 + CO + HO + .30H 1.0E-11 exp(-792T)
82 HOZ + HOz U HaOp 5-9E-14 exp(L150T) 61 ETH+OHDO XO2 + 1.56HCHO + HO + .22ALD2 2.0E-12 exp(411T)
33, HOp + HOp + H20 O Hy0; 2 .2E-38 exp(5800T) ' ' 2% ' P

Read 1.£5+03exp(1175T) asl.4 x 16 11757,
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Table 3. Continued.

No. Readion Rate mnstant, cmS moleasle’ 51 No. Readion Rate mnstant, cmS moleasle’! 51
62 ETH + Og 0 HCHO + .42CO + .12HOo 1.3E-14 exp(-2633T) 93 CH3S(0)2CH200+HO,0 CH3S(0)oCHoOOH+0y  1.5E-12
Aromatic Readions 94. CH3SO2H + HO2 OO CH3SO2 + H20) 1.0E-15
63. TOL + OH O .08X02 + .36CRES + .44HO +.56TO2 2.1E-12exp(322T) 95, CH3S0oH + NO3 O CH3S05 + HNO3 1.0E-13
64, TO2+NO O .9NO2 + .90PEN + .9HO» 8.1E-12 9%6. CHgSOoH + CH305 [ CH3SOp + CHgOOH 1.0E-15
65. TO20 CRES 4.2 o7. CH3SOoH + OH O CH3S05 + Ho0 1.6E-11
2? gEEg: SSSDACCIEOOIHGNX& 2+ 6HO2 + 30PEN g;gﬂ 98, CH3SOpH + CH3SO03 O CH3SO0p + MSA 1.0E-13
68. CRO + NO7 ONITRATES 1.4E-11 99. CH3S0, O - SOy + CH30» 4,53E+13exp(-8656'T)
69. XYL + OH O .70H + 5XO2 + 2CRES + .8MGLY + 1.7E-11 exp(1167T) 100 CH3SOp + NGz [ CH3SO3+ NO 10E-14
1.1PAR + .3TO2 101 CH3S05 + O3 0 CH3S03 + O 5.0E-15
70. OPEN + OH O XO2 + C203 + 2HO5 + 2CO + HCHO 3.0E-11 102 CH3S05 + HOp O CH3S03 + OH 2.5E-13
71 OPEN + hv 0 €203 + CO + HO» Radiation dependent 103 CH3S05 + CH30,0 CH3SO3+CH30+ Oo 25E-13
72 OPEN + O3 0 .03ALD2+.62C203+.7HCHO+.03X02 5.4E-17exp(-500T) 104, CH3S0, + OH O MSA 5.0E-11
+.69CO +.080H +.76HOz + .2MGLY 105 CH3S02 + Op M- CH3(0)200 2.6E-18
73 MGLY + OH O XO2 + C203 1.7E_—1-1 106. CH3S(0)200 [ .. CH3S0 + Op 33
74. MGLY + hv D-CZOS +CO +HO2 Radiation dependent 107 CH35(0)200+ NO [ CHgSO3 + NO 10E-11
tsoprene Readions 108 CH3S(0)p00+CH30,0 CH3SOg+CH30+07 5.5E-12
75. ISOP+ O(3P) O .6HOy + .8ALD2 + .550LE + .5X02 1.8E-11 109 CHaS(0)200+HOm] CH3S(0)}y00H+ Oy 5 OE-12
+.5CO + 45ETH + .9PAR
76. ISOP + OH 0 HCHO + XO2 + .67HO, + .AMGLY 9.6E-11 110 CH3S03 [ - HpSO4 + CH309 1.6E-1
+.2C203 +ETH +.2ALD2 + .13XO2N 111 CH3SO03 + NO2 I MSA + HNO3 3.0E-15
77. ISOP + O3 0 HCHO + .4ALD2 + 55ETH + .2MGLY 1.2E-17 112 CH3S03 + NO O MSA + HNOo 3.0E-15
+.06CO + .1PAR + .44HO> + .10H 113 CH3S03+ HOo 0 MSA + 09 5.0E-11
78, ISOP + NOg 0 XO2N + NITRATES 3.2E-13 114, CH3S03 + HCHO O - MSA+HOL+CO 1.6E-15
Operator Readions 115 SO2 + OH 0O - HpSO4+ HO2 Troe expresson
79. X02+NOO NO2 8.1E-12 Methane and Methylperoxyl Radicd Readions
80. XO02 + X02 O Prodicts 1.7E-14 exp(1300T) 116 CH4+OH OFf - CH30, T26.95E—18exp(—1280T)
81 )éoonzo'\én‘;e'\é%a g‘gﬁg;ﬁ? 68E-13 117. CH302 + NO 0 HCHO + HO» + NO» 4.2E-12 exp(180'T)
82. DMS + OH 0 CH3SCH200 + HoO 9.64E-12 exp(-234T) 118 CH302 + HOZ O CH300H 7.7E-14exp(1300T)
83. DMS + NOg [0 CH3SCH200 + HNO3 1.40E-13 exp(50Q'T) 119 CH302 + CH302 0 1.5HCHO + HOp 1.9E-13exp(220T)
84 DMS+ O(3P) [ CH3S0 + CH30p 1.26E-11 exp(409T) 120, CH305 + C203 O HCHO + .5HO9 9.6E-13 exp(220T)
85. DMS + OH [ aCH3S05 + aCH305 + (1-aDMSO + (1-HO»  1.7E-12 (seencte) * .5CH302 + CH300H
86. CH3SCH200 + NO [ CH3S02 + HCHO + NO» 8.0E-12 121 CH3OOH + hv [ HCHO + HOZ + OH 5.57E-06
g7 CHSCHp00 + CHz0y 1 CHSOp + CHgO + HCHO 18E13 122 CH300H+OHD .5CH309+5HCHO+.50H 1.0E-11
88 CHaSCHp00 + HO [ CHgSCH,O00H 1512 123 ETHP + NO O ALD2 + HO9 + NO» 4.2E-12 exp(180'T)
89, DM SO+OHI bCH3SOpH+bCH30+(1-b)DMSOp+ (1-b)HOp  5.8E-11 (seencte) 124 ETHP+HO [ Products 7.78-14.exp(1300T)
%, DMSOy + OH [ CH3S(0)CH200 + Ho0 1 0E-14 125 ETHP+C203 0 A+L|;é ; .5OHO+2 oo 3.4E-13exp(2207T)
oL CH3(0)2CHZ00 + NO L CH3SO + HCHO + NO2 S0E-12 Note: a= SE+5/(5E+5 + [Op] X 3E-lg); he 1.5E+37/(1.5E+7 +[Og] X 1.2E-12)
92, CH3$(0)2CH200 + CH30, 0 CH3S05 + HCHO + CH30  1.8E-13

12



Table4. Initia gas-phase concentrations (in pph and pre-existing agosol data in the model simulations.

Spedes Remote Marine Rural Urban Heavpal
03 200 300 400 600 800
H202 10 10 10 10 10

NO 7.5 x102 75x 10?1 15 100 550
NO2 2.5x102 25x 10! 0.5 10 550
SO2 0.6 0.6 20 50 100
DMS 4.0 x 102 4.0 x 102 0.0 0.0 0.0
HCHO 0.2 18 0.2 83 275
ALD2 0.0 0.0 8.3 x102 117 390
C2H6 0.0 19 158 9.08 303
PAR 0.0 31 9.8 1779 5931
OLE 0.0 5.6 x 101 0.3 132 440
ETH 0.0 19x10? 0.6 116 385
TOL 0.0 3.6 x 102 5.3 x 10? 6.0 199
XYL 0.0 0.0 7.5 x 102 32 105
ISOP 0.0 0.0 24 x 10?1 0.5 20

(6(0) 80.0 1000 1200 1500 3000
CH4 1.7x1C 1.7x1C 16x1C 1.7x1C 1.7 x 1G
Cco2 3.4x 10 3.4x 10 3.4x 10 3.4x 10 3.4x 10
NH3 01 05 05 05 05

HCI 0.5 05 01 0.0 0.0
Aerosol number (cm3) 150 x 1@ 403 x 1¢ 8.78 x 16 1.38x 1C¢ 215x 16
Aerosol surface(um2cm3) | 1.39 x 16 293 x 10 1.36 x 1¢ 113 x 16 3.27 x 16
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Table5. I-hr averaged sensitivities of O3 w.r.t. readionrate cnstants under clea air condtions.

Remote Marine Rural Urban Heavpal
Rank | Rxn.# Sensitivity | Rxn. # Sensitivity | Rxn. # Sensitivity | Rxn.# Sensitivity | Rxn. # Sensitivity
1 28 2.01E-2 1 6.03E-2 11 4.67E-2 38 1.20E-1 3 -2.58E-1
2 1 1.86E-2 3 -4.92E-2 10 -4.67E-2 43 -1.14E-1 1 2.77E-1
3 3 -1.29E-2 28 4.40E-2 9 4.47E-2 1 1.10E-1 38 1.85E-1
4 116 6.44E-3 26 -3.25E-2 1 4.13E-2 3 -1.06E-1 26 -1.75E-1
5 117 4.38E-3 11 2.26E-2 26 -4.10E-2 57 8.06E-2 57 1.23E-1
6 118 -4.05E-3 10 -2.26E-2 3 -3.87E-2 26 -6.34E-2 43 -8.70E-2
7 26 -3.94E-3 9 2.17E-2 36 1.54E-2 11 5.10E-2 45 5.07E-2
8 33 -3.33E-3 38 2.10E-2 116 1.50E-2 10 -5.10E-2 47 -4.11E-2
9 32 -2.81E-3 116 1.97E-2 28 1.32E-2 9 4.88E-2 46 411E-2
10 13 -2.62E-3 36 1.46E-2 38 1.04E-2 47 -4.60E-2 58 4.01E-2
11 34 2.29E-3 43 -9.41E-3 61 8.65E-3 46 4.60E-2 61 3.93E-2
12 12 -1.50E-3 33 -8.24E-3 34 8.48E-3 61 3.31E-2 69 3.79E-2
13 36 1.33E-3 32 -6.95E-3 47 -7.96E-3 45 2.98E-2 52 3.38E-2
14 38 1.12E-3 47 -6.72E-3 46 7.94E-3 69 2.82E-2 39 -2.74E-2
15 29 -7.65E-4 46 6.61E-3 43 -6.15E-3 28 2.35E-2 11 2.61E-2
16 30 7.48E-4 117 6.29E-3 52 6.14E-3 52 2.22E-2 10 -2.61E-2
17 97 -5.59E-4 34 6.03E-3 74 5.21E-3 58 2.08E-2 9 2.49E-2
18 89 -5.58E-4 118 -5.64E-3 57 3.72E-3 74 1.74E-2 74 1.71E-2
19 11 5.36E-4 37 4.84E-3 76 3.52E-3 39 -1.68E-2 28 1.50E-2
20 10 -5.36E-4 39 -3.72E-3 29 -3.20E-3 29 -1.47E-2 29 -1.46E-2
21 85 3.70E-4 29 -3.58E-3 30 3.12E-3 30 1.42E-2 30 1.44E-2
22 9 3.07E-4 30 3.43E-3 63 2.26E-3 37 6.26E-3 4 -1.42E-2
23 122 -2.55E-4 13 -3.04E-3 37 2.05E-3 34 6.12E-3 63 1.11E-2
24 22 -2.25E-4 57 2.88E-3 22 -1.99E-3 63 5.53E-3 76 9.99E-3
25 23 1.88E-4 61 2.55E-3 69 1.90E-3 36 4.17E-3 2 8.87E-3

Real 201E-2 as2.01 x 102.
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Table 6. Sensitivities of odd hydogen w.r.t. readion rate @mnstants under clea air condtions.

Remote Marine Rural Urban Heavpal
Rank | Rxn. # Sij Rxn. # Sij Rxn. # Sij Rxn. # Sij Rxn. # Sij
1 9 3.65E-1 9 5.16E-1 11 1.03E+0 38 8.42E-1 38 7.17E-1
2 11 3.52E-1 11 5.05E-1 10 -1.03E+0 28 -5.80E-1 28 -6.53E-1
3 10 -3.52E-1 10 -5.05E-1 9 1.03E+0 43 -5.69E-1 26 -6.21E-1
4 118 -1.80E-1 38 2.90E-1 28 -4.99E-1 11 4.03E-1 57 4.48E-1
5 33 -1.62E-1 116 1.72E-1 26 -4.27E-1 10 -4.03E-1 43 -3.21E-1
6 116 1.49E-1 33 -1.61E-1 116 2.54E-1 9 4.02E-1 117 -2.54E-1
7 32 -1.37E-1 32 -1.36E-1 38 2.46E-1 57 3.60E-1 58 2.34E-1
8 34 1.28E-1 117 -1.09E-1 36 2.02E-1 1 -3.20E-1 3 2.34E-1
9 117 -1.22E-1 34 1.06E-1 34 1.63E-1 3 2.88E-1 1 -2.28E-1
10 28 8.71E-2 118 -9.78E-2 1 -1.61E-1 26 -2.77E-1 45 2.09E-1
11 36 -6.94E-2 37 -8.74E-2 3 141E-1 117 -2.48E-1 69 1.72E-1
12 38 5.26E-2 39 -6.87E-2 117 -1.38E-1 47 -2.45E-1 39 -1.65E-1
13 37 -1.95E-2 26 -6.81E-2 74 1.12E-1 69 2.26E-1 47 -1.57E-1
14 1 -1.50E-2 47 -5.06E-2 47 -1.06E-1 46 2.24E-1 46 1.42E-1
15 35 -1.26E-2 36 4.16E-2 46 9.31E-2 45 2.10E-1 9 1.23E-1
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Table 7. Sengitivities of Oz andindicaorsw.r.t. uptake efficients of individual spedes. Only those
sensitiviti es greaer than 1.(E-4 are shown.

@ 03
Remote Marine Rural Urban Heavpal
Spedes Sjj Spedes Sjj Spedes Sij Spedes Sij Spedes Sjj
Sij>0 -- -- -- -- -- -- NO 3.46E-4 NO 7.51E-3
SO2 2.08E-4 SO2 1.98E-4
Sij<0 O3 -6.55E-4 03 -1.31E-3 03 -6.30E-3 03 -467E-2 03 -104E-1
H202 -2.76E-4 HO2 -213E-3| HCHO -249E-2( HCHO  -6.34E-2
HO2 -254E-4| H202 -1.74E-3 HO2  -1.28E-2 NO2  -8.06E-3
HCHO -359E-4| H202 -143E-3 HO2 -347E-3
CH302 -356E-4| N205 -2.15E-3
NO2 -298E-4| HNO2 -1.28E-3
N205 -2.96E-4| H202 -2.79E-4
HNO2  -2.23E-4
(b) 0O3/NOz and H202/HNO3
Urban Heavpal
O3/NOz H202/HNO3 O3/NOz H202/HNO3
Spedes Sij Spedes Sij Spedes Sij Spedes Sjj
Sij>0 HNO3 8.18E-2 HNO3 4.63E-1 HNO3 2.22E-1 HNO3 9.01E-1
HCHO 7.71E-2 NO2 1.59%-2 HCHO 1.76E-1 NO2 8.37E-2
HO2 4.53E-2 N205 8.05E-3 PAN 2.96E-2 NO 3.09E-2
PAN 1.11E-2 NO 4.21E-3 HO2 1.01E-2 N205 1.07E-2
H202 6.10E-3 HNO2 5.31E-4 HNO2 6.96E-3 S0O2 9.14E-4
HNO2 1.22E-3 SO2 2.80E-4 NO 4.73E-3
CH302 1.03E-3 H202 9.61E-4
N205 8.94E-4 CH302 2.01E-4
NO 3.25E-4
Sij<0 03 3.73E-2 H202 -3.46E+0 03 -8.08E-2 H202 -2.99E+0
SO2 9.12E-4 HCHO -6.19E-2 NO2 -1.03E-2 HCHO -3.44E-1
HO2 -1.64E-2 SO2 -9.29E-4 03 -1.13E-1
03 -9.60E-3 N205 -2.60E-4 HO2 -1.75E-2
CH302 -3.90E-4 HNO2 -3.93E-3
PAN -4.97E-4
CH302 -4.06E-4
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